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ABSTRACT 


This  is  the  tenth  of  a  series  of  reports  on  the  protection  of  mooring  buo)'s. 

Thirteen  buoys  were  given  their  ninth  rating  (after  a  maximum  of  5  years  expoiure) 
for  extent  o:^  coating  deterioration,  corrosion  of  steel,  and  fouling.  Two  other  buoys 
hod  previous  ly  been  removed  from  the  test  program  because  of  advanced  deterioration. 
The  coating  systems  on  three  of  the  buoys  were  in  good  condition,  while  those  cn  nine 
otfe-s  showed  varying  degrees  of  moderate  deterioration,  and  one  was  in  such  poor 
condition  thct  it  was  also  removed  from  the  test  progrtam.  Two  sets  of  steel  pane's 
cocfted  with  the  different  systems  used  on  the  buoys  were  given  their  eighth  rating 
inspection  after  4  years  of  exposure.  One  set  was  exposed  in  San  Diego  Bay  and  *^he 
othe'  m  Port  Hueneme  Harbor.  The  condition  of  the  coatings  on  both  sets  of  pane's 
was  generally  better  than  that  of  the  buoy  coating,  but  there  was  a  general  correlation 
between  the  conditions  of  the  two  test  groups.  On  buoys  eexated  with  antifouling 
paints,  no  detectable  antifouling  property  remained  after  20  months,  but  on  both  sets 
of  test  ptanels,  two  antifouling  coatings  containing  copper  oxide  were  still  appreciably 
reducing  fouling  after  4  years. 

Patches  cf  underwater-curing  epoxy  applied  to  buoys  where  localized  damage  to 
the  coating  had  been  caused  by  abrasion  were  in  good  condition.  Some  patches  had 
been  providing  protection  for  4  years. 

Thitie  of  the  buoys  were  cathodically  protected  with  zint:  anodes.  The  underwater 
portions  of  these  buoyt  were  receiving  protection  from  corrosior\  33  months  after  anode 
installation. 
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INTRODUaiON 


The  Naval  Facilities  Engineering  Command  assigned  the  Naval  Civil  Engineering 
Laboratory  the  task  of  finding  or  developing  better  methods  for  protecting  Fleet  mooring 
buoys  from  corrosion.  The  assignment  included  investigation  of  both  protective  coatings 
and  cathodic  protection. 

A  field-test  program  vras  Initiated  in  San  Diego  v/ith  15  peg-top  riser-chain 
mooring  buoys  (Mark  I  or  Mark  II).  Thirteen  different  coating  systems  were  used,  and 
a  cathodic  protection  system  was  installed  on  one  biJoy  of  each  of  three  pairs  used  in 
this  part  of  the  test  program.  The  same  thirteen  coating  systems  were  also  applied  to 
two  sets  of  test  panels,  one  exposed  in  Son  Diego  Bay  and  the  other  in  Port  Hueneme 
Harbor.  The  results  of  the  program  are  being  published  in  a  series.  Technical  Report 
R-246,  ^  the  first  in  the  series,  described  the  application  of  protective  coatings  and 
the  installation  of  a  cathodic-protection  system.  Subsequent  reports^"^  described  the 
condition  of  the  buoys  from  the  first  through  the  eighth  rating  inspections  and  the 
condition  of  the  panels  through  their  seventh  rating  inspection.  This  report  describes 
the  condition  of  the  buoys  at  the  time  of  their  ninth  rating  inspection  (up  to  5  years 
exposure)  and  the  condition  of  the  panels  after  A  years  of  exposure. 


SERVICE  CONDITIONS 

For  the  test,  15  mooring  buoys  were  placed  in  an  area  of  Nort  h  San  Diego  Bay 
that  received  heavy  service  from  the  Fleet.  Some  of  the  buoys  were  badly  damaged 
by  overriding  vessels  and  by  the  abrasion  of  mooring  lines  and  securing  assemblies. 
Because  it  was  necessary  to  place  the  test  buoys  in  service  a  few  at  a  time,  and 
because  there  were  long  delays  in  obtaining  acceptable  specification  coatings,  pre¬ 
paration  and  placement  of  all  the  buoys  required  o  long  time. 

One  set  of  13  panels  was  suspended  from  a  pier  in  San  Diego  Boy  and  the  other 
from  a  pier  In  Port  Hueneme  Harbor.  A  portion  of  each  panel  was  continuously  sub¬ 
merged,  another  portion  was  intermittently  submerged  by  rising  tide,  and  a  third 
portion  was  continuously  exposed  to  the  atmosphere.  The  panels  were  not  exposed 
to  their  harbor  environments  at  the  same  time  os  the  buoys;  they  were  kept  in  storage 
until  all  of  them  hod  been  coated.  All  the  panels  weie  then  placed  in  test  position 
at  the  same  time,  rather  than  over  a  6-month  period  as  were  the  buoys.  At  the  time 
of  their  ninth  rating  (described  herein)  they  had  been  exposed  for  4  years. 
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INSPEaiON  PROCEDURE 


Each  of  the  test  mooring  buo/s  was  inspected  after  it  fad  been  lifted  onto  the 
deck  of  a  floating  crane.  The  amount  of  fouling  was  determined,  the  types  of  orga¬ 
nisms  were  recorded,  and  fouling  damage  to  the  coating  was  noted.  After  the  fouling 
was  examined,  the  cone  and  splash  zone  of  each  buoy  were  washed  with  a  high-pressure 
stream  of  seawater  to  remove  the  fouling  and  expose  coating  damage.  Two  iitdependent 
ratings  of  the  condition  of  each  buoy  and  its  protective  coating  system  were  mode  in 
the  atmospheric,  splash,  and  submerged  zones. 

Electrical  potential  measurerrents  were  mode  on  buoys  with  and  withoiit  cathodic 
protection  to  determine  the  amount  of  additional  potential  produced  on  cathrxlically 
protected  buoys.  The  coating  deterioration  and  corrosion  damage  of  the  fhres  cathod- 
ically  protected  buoys  were  compar(Kl  to  those  of  the  control  buoys. 

Two  independent  ratings  were  also  made  of  the  condition  of  the  coating  systems 
on  the  steel  test  panels  exposed  in  5ian  Diego  Bay  and  Port  Hueneme  Harbor.  Fouling 
organisms  were  carefully  removed  from  one  side  of  each  test  panel  with  a  woxlen 
scraper  and  a  stiff  bristle  brush  befoi'e  the  coating  condition  in  the  fouled  area  was 
rated. 


RATING  CRITERIA 

So  far  as  possible,  the  methods  of  rating  the  coatings  on  buoys  and  test  panels 
were  those  published  by  the  American  Society  for  Testing  and  Materials. ^0  These 
published  methods  define  the  conditions  rated  oneJ  give  photographic  reference 
standards.  Thus,  chalking,  blistering,  checking,  cracking,  flaking,  erosion,  aid 
rustir'g  were  rated  from  0  to  10  by  ASTM  methods  D-659-44,  D-714-56,  D-660-44, 
D-661  '44,  D-772-47,  D-662-44,  and  D-610-43,  respectively.  A  rating  of  10 
usually  describes  c  pe'fec-t  condition,  and  a  rating  of  0  describes  a  compietel;/  dete- 
rio'’atec5  condition.  Blistering  frequency  was  rated  as  none  (N),  few  (F),  medium  (M), 
mediiim  dense  (MD),  or  dense  (D).  Surface  oreas  covered  by  fouling  (plont,  oiimol, 
or  o  combi nutio".)  were  rated  on  a  linear  scale  from  0  (100%  covered)  to  10  (0% 
covered).  Color  of  the  topcoot  on  the  buoys  was  also  roted  from  0  to  10;  10  indicates 
pure  white  with  no  yellowing  or  other  discoloration  (except  rust  streaks  from  incoated 
bolts),  and  0  indicotes  a  color  unacceptable  to  the  U.  S.  Coast  Guord. 

Frequency  of  use  of  buoys  by  the  Fleet  was  rated  as  light  (0  to  2  days  pttr  week), 
medium  (2  to  4  days  per  week),  or  heavy  (4  to  7  days  per  week).  Some  of  the  buoys 
provide  bow  and  stem  mooring  only,  and  the  rest  provide  either  bow  and  stem  or  free- 
'^inging  moorings. 

The  overall  condition  of  each  buoy  and  its  coating  system  was  roted  os  excellent 
(in  essentially  the  same  condition  as  when  first  placed  in  service);  good  (very  minor 
deterioration);  fair  (o  significant  amount  of  coating  deterioration  or  rusting,  bcit  still 
in  serviceoble  condition);  on-’'  'coating  deterioration  and  rusting  serious  enou^ 
to  leod  to  on  early  removal  ‘  rce). 
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The  coating  system  on  each  test  panel  was  given  an  overall  rating  from  0 
(minimum  protection)  to  10  (maximum  protection),  depending  upon  both  the  cixiditior 
of  the  entire  coating  jystem  and  the  protection  afforded  to  the  steel.  It  was  much 
easier  to  rate  the  oveiall  coating  conditions  on  the  panels  than  on  the  buoys,  because 
the  panels  were  no;'  abraded  as  were  the  buoys  during  mooring  service. 


CONDITION  OF  BUOY  COATINGS 
General 

Table  1  describes  each  ccxiting  system.  The  overall  ratings  and  lengths  of 
service  of  buoy  coatings  ore  summarizea  in  Table  2.  The  scxjrces  of  the  coatings 
are  listed  in  Refertmces  1  through  4,  are  proprietary,  and  are  available  only  to 
U.  S.  Government  agencies  and  their  contractors.  Ratings  of  specific  conditions 
of  coated  test  buo)'s  are  given  in  Appendix  A. 

The  fcxiling  (xs  all  lest  buoys  was  generally  similar  both  in  type  and  omtxint 
(Figure  1),  with  slightly  differing  omcxints  occurring  in  different  test  areas.  Cireen 
algae  and  barnacles  were  most  conspicuous  in  the  splash  zone.  Tunicates  and  barna¬ 
cles  were  most  con;;picuois  in  the  submerged  zone,  and  mussels,  bryozcx),  hydroids, 
and  tube  worms  were  usually  present  to  a  lesser  extent. 

The  Mark  I  test  buo;/s  usually  had  marine  borer  damage  ext  their  lower,  untreoted 
woexien  fenders  (Figure  "2),  The  lower,  creosoted  fenciers  of  the  larger  Mark  II  buoys 
were  almost  always  completely  CHjt  of  the  water  ond  suffered  no  marine  borer  ottock. 

Coating  System  1:  Urethane 

The  condition  of  the  System  t  buoy  (Figure  3)  hod  deteriexoted  slightly  sirKe 
the  previous  rating  inspection,  and  there  was  somewhat  greater  rusting  in  the  otmo- 
spk^wric  and  spicnh  zones.  Much  of  titis,  however,  was  either  of  tfie  pinpoint  tj'pe 
(Fi^jiure  4)  or  hod  been  cause<j  by  impcKt  or  abrosion.  The  pinpoint  renting  on  'he 
buoy  side  was  initiated  by  srroll  blisters  previcxnly  noted  there. 

The  many  patches  of  urder water- curing  epoxy, ^  1  most  of  which  hexi  been 
applied  4  yeors  eorlier  to  urederwoter  areas  domoged  by  the  impoct  of  moored  v'esseli; 
w'ere  still  odhering  lightly  to  rhe  underlying  steel  and  providing  good  protection  from 
Cixrosivsn.  Some  of  these  poteSes  hod  lifted  edges  where  they  bonded  poorly  to  fouling 
or  weotleered  cooting.  The  t-poxy  potches  hove  extended  significantly  the  service  life 
of  the  bs.ioy. 

TK»re  was  mederate  gaivtsnic  corrosion  of  the  bolts  securing  the  lower  lateral 
ferxier  in  place  oni  moderate  mm^irse  borer  dsmoge  to  this  fender. 
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Figure  1.  Typical  fouling  as  seen  on  System  5  buoy. 


Figure  2.  Typical  untreated  wooden  fender  with  marine  borer  damage 
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Figure  4.  Pinpoint  rusting  on  side  of  System  1  buoy. 
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Coating  System  2;  Epoxy 


The  condition  of  the  System  2  buoy  was  essentially  unchanged  since  the  last 
inspection.  The  two  areas  where  impact  damage  to  the  coating  had  been  patched 
with  underwater-curing  epoxy  1-1/2  years  earlier^  were  receiving  full  protection 
from  these  patches.  There  was  very  little  rusting  on  this  buoy  except  that  caused 
by  abrasion.  There  was  some  galvanic  corrosion  on  bolts  and  rivet  heads  in  the 
submerged  zone  and  extensive  marine  borer  damage  to  the  lower  fender. 

Coating  System  3:  Epoxy-Polyester 

The  condition  of  the  System  3  buoy  hod  changed  only  slightly  since  the  last 
inspection.  The  epoxy  primer  exposed  in  the  submerged  zone,  where  much  of  the 
polyester  topcoating  had  previously  delaminated,  was  continuing  to  protect  the 
underlying  steel.  The  rusting  in  all  three  zones  was  related  to  abrasion  damage. 
There  was  an  area  of  coating  on  the  underwater  portion  of  the  buoy  that  had  suffered 
abrasion  damage  (Figure  5)  since  the  last  inspection.  This  was  repaired  with  a  patch 
of  underwater-curing  epoxy.  As  with  the  previous  Mark  I  buoy  (System  2),  there  was 
galvanic  corrosion  on  a  few  abraded  rivet  heads  in  the  submerged  zone  and  marine 
borer  damage  to  the  lower  lateral  fender. 

Coating  System  4:  Epoxy-Coal  Tar  Epoxy 

The  condition  of  the  System  4  buoy  was  virtually  unchanged  since  the  last 
inspection.  The  previously  noted  delamination  of  the  topcoat  and  seal  coat  in  the 
submerged  zone  had  not  advanced  significantly,  and  the  underlying  epoxy  primer 
and  coal  tar  epoxy  were  providing  good  protection  to  the  steel.  The  cone  of  the 
buoy  had  suffered  slight  abrasion  damage  since  the  previous  inspection  and  the 
orange  primer  was  exposed  in  a  few  places.  Elsewhere  the  coating  system  was  per¬ 
forming  well,  with  the  slight  rusting  noted  related  to  abrasion  damage. 

Coating  System  5:  Coal  Tar  Epoxy-Phenolic 

The  condition  of  the  System  5  buoy  was  virtually  unchanged  since  the  last 
Inspection.  Most  of  the  coating  damage,  notably  that  on  the  buoy  top,  was  related 
to  abrasion  damage.  There  was  galvanic  corrosion  of  some  abraded  rivet  heads  in 
the  submerged  zone  and  extensive  marine  borer  damage  to  the  lower  lateral  fender. 
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Figure  5.  Cone  of  S/stem  3  buoy  showing  abrasion  damage  fo  coating. 


Coating  Systems  6  and  6C:  Phenolic  Mastic 

Systems  6  and  6C  were  identical,  but  the  6C  coating  was  applied  to  a 
cathodically  protected  buoy.  The  condition  of  both  buoys  was  virtually  unchanged 
since  the  last  inspection.  The  deterioration  on  each  was  largely  the  result  of  abrasion 
damage  (see  Figure  6).  The  better  condition  of  the  System  6C  buoy  is  a  result  of  the 
cathodic  protection  and  the  heavier  fendering.  The  lower  lateral  fender  on  the 
System  6  buoy  had  extensive  marine  borer  damage. 

Coating  System  7C;  Phenolic 

The  condition  of  the  System  7C  buoy  was  virtually  unchanged  since  the  last 
Inspection.  The  erosion  of  the  antifouling  coating  on  the  underwater  portion  of  the 
buoy  was  probably  aggravated  by  barnacle  attachment,  since  the  antifouling  coating 
hod  long  since  lost  its  toxicity  to  fouling  organisms.  The  cathodic  protection  system 
on  this  buoy  was  sti!'  very  effective  in  mitigating  rusting  where  bare  steel  was 
exposed  underwater.  Most  of  the  slight  coating  damage  in  the  atmospheric  and 
splash  zones  had  been  caused  by  abrasion. 


9 


Figure  6.  Abrasion  damage  on  System  6  buoy. 


Coating  System  8:  Phenolic-Alkyd 

The  condition  of  the  System  8  buoy  was  virtually  unchanged  since  the  last 
inspection.  The  submerged  portion  of  this  buoy  had  the  identical  coating  system 
used  on  the  System  7C  buoy,  and  consequently,  the  condition  of  the  coating  system 
in  this  area  on  both  of  these  buoys  was  quite  similar.  There  was,  however,  more 
rusting  on  the  underwater  portion  of  the  System  8  buoy,  since  it  did  not  receive 
cathodic  protection.  There  was  also  evidence  of  a  slight  barnacle  damage  to  the 
coating  underwater.  Rusting  on  the  side  of  the  buoy  was  either  of  the  pinpoint 
variety  or  had  been  caused  by  abrasion. 

Coating  System  9:  Vinyl 

The  condition  of  the  System  9  buoy  had  changed  very  little  since  the  last 
inspection.  Several  small  areas  of  peeled  coating  on  the  buoy  side,  probably  ini¬ 
tiated  by  impact  of  a  vessel,  had  been  noticed  and  patched  with  underwater-curing 
epoxy  during  the  last  three  inspections.  The  epoxy  patches  were  all  in  good  condi¬ 
tion  and  were  providing  protection  to  the  steel.  An  area  of  damaged  coating  adjacent 
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to  a  flange  on  the  side  of  the  buoy  (Figure  7)  was  noted  at  the  present  inspection. 
This  was  also  cleaned  and  patched  with  underwater-curing  epoxy  in  the  manner 
previously  used.  The  few  areas  of  rusting  in  all  three  zones  were  related  to  abrasion 
damage.  The  type  and  amount  of  fouling  on  this  buoy  were  similar  to  those  on  test 
buoys  without  an  antifouling  coating.  There  was  galvanic  corrosion  on  some  of  the 
bolts  securing  the  lower  lateral  fender  in  place  and  extensive  marine  borer  damage 
to  this  fender. 

Coating  System  10:  High-Body  Vinyl 

Because  of  advanced  corrosion,  the  System  10  buoy  had  been  removed  from  the 
test  program  after  35  months  of  service. 

Coating  System  11:  Vinyl  Mastic 

Because  of  advanced  corrosiori,  the  System  1 1  buoy  had  been  removed  from  the 
test  program  after  19  months  of  service. 


Figure  7. 


Side  of  System  9  buoy  showing  damaged  wooden  fender  and  damuged 
coating  above  lower  right  flange. 
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Coating  System  12:  Inorganic  Zinc  Silicate** Vinyl  Mastic 

The  System  12  buoy  had  undergone  further  deterioration  since  the  last 
inspection,  and  the  underwater  portion  was  in  such  poor  condition  (Figure  8)  that 
the  buoy  was  removed  from  the  test  program.  The  side  ond  top  of  the  buoy  are  still 
in  good  condition,  but  underwater  there  was  extensive  blistering  and  delamination 
of  the  vinyl  mastic  topcoating.  The  gradual  loss  of  zinc  from  the  exposed  primer 
has  permitted  extensive  rusting  and  pitting. 

Coating  Systems  13  and  13C:  Saran 

Systems  13  and  '3C  were  identical,  but  System  13C  was  applied  to  a  cathod- 
ically  protected  buoy.  The  System  13  buoy  has  remained  in  the  mooring  yard  since 
the  previous  inspection  because  of  problems  associated  with  installing  a  new  lighting 
system  on  the  buoy. 

The  condition  of  the  coating  on  both  buoys  was  virtually  unchanged  since  the 
lest  Inspection.  The  slight  rusting  was  either  of  the  pinpoint  variety  or  had  been 
caused  by  abrasion.  The  System  13C  buoy  was  receiving  usage  at  the  time  of  the 
inspection  and  it  was  necesscry  to  inspect  the  buoy  with  a  destroyer  secured  to  it 
(Figure  9).  The  cathodic  protection  system  was  quite  effective  in  mitigating  corro¬ 
sion  on  the  underwater  portion  of  the  System  13C  buoy. 


CONDITION  OF  PANEL  COATINGS 

The  coating  system  of  each  panel  Is  rated  in  Table  3,  and  the  ratings  of  the 
specific  properties  are  given  in  Appendix  B.  There  continues  to  be  a  distinct  differ¬ 
ence  in  the  type  of  fouling  at  the  two  panel-testing  sites.  While  barnacles  are 
conspicuous  at  both  locations,  they  form  on  the  tidal  zone  of  all  San  Diego  panels 
without  an  antifouling  paint  a  heavy  crust  that  probably  affords  significant  protection 
to  the  panels.  Mussels  and  bryozoa  are  much  more  numerous  and  larger  at  Port 
Hueneme.  Conversely,  tunicates  and  sponges  are  most  conspicuous  at  San  Diego, 
but  virtually  absent  at  Port  Hueneme. 

Coating  System  1:  Urethane 

Both  urethane-coated  panels  were  little  changed  since  the  last  inspection. 

The  slight  coating  deterioration  on  the  San  Diego  panels  consisted  of  edge  damage, 
a  few  pinholes^  and  slight  barnacle  damage.  Ihe  small  blisters  and  delaminatic.i  of 
topcoat  on  one  side  of  the  Port  Hueneme  panel  previously  noted®*  ^  hod  .,ot  increased 
appreciably. 
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Table  3.  Overolt  RaHngs  of  Coated  Panels  After  4  Years 
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_ly  10  =  perfect  condition;  0  =  complete  deterioration. 

2j  Systems  10  and  1 1  failed  and  were  removed  from  the  test  program. 


Coating  System  2:  Epoxy 


Both  epoxy-coated  panels  were  receiving  excellent  protection.  The  white 
antifouling  paint  origirtally  used  on  these  panels  hod  long  since  been  lost,^~^ 
but  this  hod  not  affected  the  protection  afforded  by  the  epoxy  system.  In  order  to 
determine  if  this  system  could  be  used  with  other^  more  conventional  antifouling 
paints,  two  panels  were  coated  with  Coating  System  2i  one  was  then  coated  with 
vinyl  ontifouling  MIL-P-i593iA,  and  hie  other  with  a  proprietary  copper  oxide 
containing  polyester  ontifouling.^*^  Ai^ter  2  yeors  of  exposure  in  Port  Hueneme 
Harbor,  the  antifouling  paints  were  both  adhering  well  to  the  epoxy  coating  and 
were  effectively  mitigating  fouling. 

Coating  System  3:  Epoxy- Polyester 

As  previously  reported,^^  when  the  antifouling  point  (identicol  to  that  used 
with  System  2)  was  lost  from  the  System  3  ponels*  it  took  the  polyester  topcoats  with 
it,  thus  exposing  the  underlying  epoxy  priner.  This  primer  has  continued  to  protect 
the  panels  at  both  locations.  The  slight  ru:;ting  on  both  panels  was  mostly  causer!  by 
edge  damage.  There  was  slight  checking  in  the  atmospheric  zone  of  the  Port  Hutsnemc'’ 
panel. 

Coating  System  4:  Epoxy-Cool  Tor  Epoxy 

Neither  System  4  panel  hod  sho^vn  any  deterioration  other  thon  slight  edge 
rusting  on  the  Son  Diego  panel. 

Coating  System  5:  Cool  Tor  Epoxy-Phenolic 

On  both  System  5  panels,  the  white  topcxit  hod  previously  been  almost 
completely  lost  in  the  tidal  orx!  submerged  zon«v^®  exposing  the  underlying  seol 
coot.  The  seal  coot  continued  to  provid<e  good  orotection,  with  the  slight  rusting 
present  mostly  restricted  to  panel  edges.  There  was  slight  checking  in  the  atmo¬ 
spheric  zone  of  both  panels. 

Coating  System  A;  Phenolic  Mastic 

The  System  6  panels  showed  no  deteMorotion  in  any  zone  at  Port  . Hueneme  end 
only  slight  edge  rusting  in  the  submerged  zone  at  ^ron  Diego. 
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Coating  System  7C:  Phenolic 

The  System  7C  panels  had  only  slight  further  deteriororion  since  the  last 
Inspection.  There  wos  rto  increase  in  the  number  of  small  blisters  previously  noted^ 
in  the  submerged  zone.  Greater  amotints  of  primer  continued  to  be  exposed  by  <he 
gradual  erosion  of  the  block  antifouling  coating,  but  there  continues  to  be  somewhat 
less  fouling  on  the  System  7C  parsels  than  on  odjacent  panels  without  on  antifouling 
coating  (see  Table  I  for  panels  that  have  antifouling  coatings).  Slight  bnmacie 
damage,  however,  was  noted  for  the  first  time  on  both  System  7C  panels. 

Coating  System  8:  Phenolic-Alkyd 

System  8  is  identical  to  7C  in  the  tidal  and  submerged  zones;  consequently, 
the  conditions  of  the  two  coating  systems  in  these  oreos  were  similar.  The  coatings 
in  the  atmospheric  zones  of  these  systems,  though  different,  were  providing  rela¬ 
tively  good  protection. 

Cooling  System  9:  Vinyl 

Both  System  9  panels  were  free  of  corrosion.  Although  the  antifouling  coatirtg 
continued  to  erode  away  gradually,  thus  exposing  the  underlying  primer,  there  con¬ 
tinued  to  be  appreciably  less  fouling  on  the  System  9  panels  thon  on  ponels  without 
on  ontifouling  coating. 

Cooting  System  10:  High-Body  Vinyl 

Both  System  10  panels  were  previously  removed  from  the  test  program  because 
of  coating  failure. 

Coating  System  11:  Vinyl  Mastic 

Both  System  11  panels  were  previously  removed  from  the  test  program  because 
of  cooting  failure. 

Cooting  System  12;  Inorganic  Zinc  Silicote- Vinyl  AAostic 

Both  of  the  System  12  panels  hod  previously  lost  much  of  their  vinyl  mostic 
topcootirvg  in  the  tidal  and  submerged  zortes.  White  the  inorgonic  zinc  primer  thus 
exposed  was  initiolly  quite  effective  in  presenting  corrosion,  there  wos  now  extensive 
rusting  orsd  pitting.  The  System  12  porteis  were,  therefore,  removed  from  the  test 
progrom  at  the  time  of  the  prrsent  inspection. 
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Coating  System  13:  Saran 

Both  System  13  panels  were  still  in  relatively  good  coruiltion.  Most  of  the 
corrosion  present  consisted  of  pinpoint  or  edge  r'jsting. 


CATHOLIC  PROTECTION  RESULTS 

The  electrical  potentials  of  the  three  cathodically  protected  buoys  (Systems  6C/ 
7C,  and  13C)  at  the  time  of  the  inspection  were  -880,  -8^,  and  -900  mv,  respec¬ 
tively,  as  compared  to  a  reference  silver-silver  chloride  holf-cell.  The  potential  of 
the  13C  buoy  was  measured  with  a  destroyer  secured  to  it.  All  potentials  were  near 
or  above  the  level  of  -850  mv,  which  was  coruidered  necessary  for  complete  protec¬ 
tion  of  exposed  steel.  The  overage  potential  of  buoys  without  cathodic  protection 
was  about  -710  mv. 

The  oppeorance  of  the  zinc  anodes  geve  further  evidence  of  the  satisfoctory 
performance  of  the  cathodic-protection  systems.  After  the  loose,  yellowish  film  was 
remov  ed  durir^  the  high-pressure  hosing  of  the  buoy  fouling,  the  zirK  surfaces  were 
clean  arxl  crystalline.  The  sacrificial  anodes  hod  become  appreciably  reduced  in 
thickness  since  their  origirKil  installation  33  months  earlier,  but  there  oppeored  to 
be  sufficient  zinc  remainirtg  to  provide  protection  for  ot  least  onother  1/2  yeor. 

The  cathodically  protected  buoys  hod  considerably  less  rusting  ursderwoter 
than  the  unprotected  control  buoys.  The  foot-square  section  of  bare  steel  previously 
exposed  by  wire  brushing^  on  the  cone  of  the  System  13C  buoy  hod  received  excel- 
ent  protection  from  rusting.  The  riser  chains  of  the  protected  buoys  were  olso  in 
bette*^  condition  than  those  of  buoys  without  cathodic  protection.  There  wos  consid¬ 
erably  less  corrosion  of  steel  and  loss  of  coal  tar  coating  on  the  former  riser  chains 
end  the  rust  present  wos  in  a  thiri,  uniform  layer.  The  unprotected  riser  chains  hod 
altemote  areas  of  bright  and  rusted  steel,  indicating  octive  corrosion.  It  has 
previously  been  shown that  some  of  the  protection  from  cathodically  protected 
buoys  is  transferred  down  tight  riser  chains. 


DISCUSSION 

The  condition  of  the  buoy  coating  systems  ot  the  time  of  eoch  inspection  is 
summarized  in  Toble  4.  It  con  be  seen  from  this  table  that  only  slight  further 
deteriorotion  of  coatings  hod  occurred  since  the  lost  inspection. 

At  the  time  of  this  inspection,  only  three  of  the  cooiir>g  systems  (Systems  2, 
6C,  and  13C)  on  test  buoys  were  rated  os  good;  six  (Systems  4,  6,  7,  8,  9,  ortd  13) 
as  good-foir;  three  (Systems  I,  3;  orrd  5)  os  fair;  one  (System  1 as  poor;  and  two 
of  the  test  buoys  (Systems  10  and  1 1)  had  previously  been  removed  from  the  test 
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progrom  because  of  coating  failure.  The  coating  systems  generally  performed  better 
on  test  pone  is  than  on  the  buoys,  because  the  latter  were  subject  *o  impact  and 
abrasion  damage  during  service  to  the  Fleet.  Nine  of  the  original  thirteen  coating 
systems  on  test  panels  are  still  rated  as  9  or  10  at  both  locotions.  These  include  all 
of  the  systems  rated  as  good  or  good-fair  on  test  buoys.  The  ratings  of  9  on  test 
panels  were  frequently  due  to  edge  damage  that  occurred  during  handling. 

The  System  2  (epoxy)  buoy  is  currently  the  test  buoy  in  the  best  condition  and 
the  only  buoy  without  cathodic  protection  that  was  rated  good.  It  should  be  noted 
that  this  is  a  Mark  !  buoy  with  lighter  fendering  than  the  Mark  II  buoys  (Systems  4, 
6C,  7C,  8,  12,  and  13C),  and  consequently,  it  has  received  less  protection  from 
impact  and  abrasion  than  the  Mark  II  buoys.  Although  the  original  antifouling 
paints  were  rapidly  lost  from  the  System  2  buoy  and  test  panels  (as  well  as  on  those 
of  System  3),  other  antifouling  coatings  have  been  found  to  adhere  well  to  this 
coating  system. 

The  coating  system  on  buoys  6  and  6C  (phenolic  mastic)  has  continued  to 
perform  well  despite  appreciable  abrasion  domage  to  these  buoys  during  their  first 
2  years  of  service.  No  further  appreciable  abrasion  damage  has  occurred  to  these 
buoys  since  that  time,  and  the  System  6  panels  were  in  excellent  condition.  This 
system  has  also  performed  well  in  the  steel  sheet  piling  study  of  Alumbaugh  and 

BrouiMette.^3 

System  13C  (Saran),  which  was  rated  as  good,  also  performed  well  for 
Alumbaugh  and  Brouillette.^3  Scran  is  very  resistant  to  moisture  penetration,  but 
has  a  tendency  to  be  subject  to  pinpoint  rusting. 

Coating  Systems  7C  (phenolic)  and  8  (phenolic-alkyd)  were  both  in  relatively 
good  condition  on  both  the  test  panels  and  the  buoys.  With  both  systems,  deterio¬ 
ration  above  water  was  mostly  due  to  abrasion,  and  deterioration  below  water  was 
due  to  gradual  loss  of  the  antifouling  coating.  Because  of  the  type  of  fouling  in 
San  Diego  Bay  and  the  routine  removal  of  fouling  periodically  by  high-pressure 
hosing,  there  is  no  apparent  reduction  of  freeboard  on  buoys  in  San  Diego  Pay,  or 
any  other  detrimental  effect  due  to  fouling.  Thus  an  antifouling  paint  is  not  ordi¬ 
narily  used  in  San  Diego  Bay.  It  should  also  be  noted  that  the  effectiveness  of 
antifouling  paints  on  the  test  buoys  in  retarding  fouling  was  greatly  diminished 
after  2  years.  The  longer  life  of  the  antifouling  coating  on  the  test  panels  is 
probably  due  to  a  lower  rate  of  leaching  by  the  weaker  water  currents  in  which 
they  are  located. 

Coating  System  9  (vinyl)  is  another  example  of  a  system  in  relatively  good 
condition  where  the  deterioration  below  water  is  associated  with  the  gradual  loss 
of  the  antifouling  coating.  The  buoy  coating  might  be  in  much  better  condition  if 
the  system  used  above  water  was  also  used  below  water. 
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C9ating  System  4  (epoxy-coal  tor  epoxy)  was  providing  good  protection  to 
both  the  buoy  and  the  panels.  Much  of  the  epoxy  topcoat  and  seal  coat  hod  been 
lost  from  the  buoy  below  water/  but  this  hod  not  occurred  on  either  test  panel.  Con¬ 
versely,  Coating  System  5  (coal  tar  ep^y-phenolic)  hod  lost  much  of  the  phenolic 
topcoat  from  the  submerged  portion  of  the  panels^  but  this  was  not  occurring  on  the 
buoy.  The  seal  coat  and  underlying  coal  tar  epoxy  remaining  on  the  System  5  test 
panels  was  continuing  to  provide  good  protection  to  the  steel. 

Coating  System  1  (urethane)  buoy  and  panels  had  deteriorated  somewhat  since 
the  previous  inspection,  but  the  system  is  performing  satisfactorily. 

Coating  System  3  (epoxy-polyester)  was  providing  good  protection  to  both  the 
buoy  and  panels  despite  the  loss  of  much  of  the  polyester  topcoating  below  water. 

The  System  12  (inorganic  zinc  silicate-vinyl  mastic)  buoy  and  panels  had 
deteriorated  appreciably  since  the  previous  inspection  and  had  extensive  rusting 
and  pitting.  Because  of  this  deterioration  they  were  removed  from  the  test  program. 

The  patches  of  underwater-curing  epoxy  applied  at  various  times  in  the  past 
have  continued  to  provide  good  protection  to  steel  exposed  by  abrasion  damage  to 
coatings.  They  have  exterided  greatly  the  service  life  of  buoys  before  necessary 
recoating  ashore  and  have  thus  resulted  in  a  savings  of  maintenance  funds. 

The  cathodic  protection  systems  on  three  of  the  test  buoys  have  continued  to 
retard  corrosion  on  the  underwater  portions  of  these  buoys  and  their  riser  chains. 

The  zinc  anodes  providing  this  protection  are  relatively  inexpensive,  costing  prob¬ 
ably  less  than  $12  annually  when  prorated  over  their  expected  service  life. 

The  wooden  fenders  on  the  Mark  I  buoys  are  badly  damaged  and  provide 
relatively  little  protection  from  impact  and  abrasion. 


FINDINGS 

1 .  On  three  of  the  test  buoys,  the  coating  systems  were  in  good  condition;  six  others 
were  rated  as  good-fair;  three  as  fair;  and  one  as  poor.  Two  buoys  had  previously 
been  removed  from  the  test  program  because  of  coating  failure. 

2.  Two  antifouling  paints  on  test  panels  were  still  effective  after  4  years  in  appreciably 
reducing  the  amount  of  fouling;  on  test  buoys,  the  paints  had  lost  their  effectiveness 
after  20  months. 

3.  Patches  of  underwater-curing  epoxy  applied  to  damaged  areas  of  several  different 
coating  systems  were  quite  effective  in  protecting  steel  from  corrosion  below  water. 
Some  of  these  patches  have  performed  well  for  4  years. 

4.  The  cathodic  protection  systems  on  three  of  the  test  buoys  were  effectively 
mitigating  corrosion.  Although  the  zinc  anodes  were  appreciably  reduced  in  size, 
they  should  continue  to  perform  effectively  for  at  least  another  1/2  year. 


20 


CONCLUSIONS 


1 .  The  protective  coating  systems  still  under  test  are  giving  greater  service  life  to 
the  test  mooring  buoys  than  the  service  life  generally  received  at  field  activities. 
Some  of  the  better  coating  perfonnance  is  due  to  better  surface  preparation  and 
coating  application,  but  much  is  due  to  improvements  in  coating  formulations. 

2.  The  use  of  an  antifouling  coating  on  the  ’uiderwater  portion  of  mooring  buoys 
is  not  justified  unless  fouling  is  known  to  constitute  a  maintenance  or  operational 
problem. 

3.  Underwater-curing  epoxies  can  reduce  maintenance  costs  by  extending  the 
service  life  of  mooring  buoys  where  localized  areas  of  coating  have  been  damaged 
by  abrasion. 

4.  Mooring  buoys  can  be  effectively  cathodically  protected  underwater  with  zinc 
anodes. 


RECOMMENDATIONS 

1 .  The  coating  systems  that  have  performed  well  to  date  in  the  present  test  should 
be  considered  for  use  by  field  activities  of  the  Naval  Shore  Establishment. 

2.  Underwater-curing  epoxies  should  be  carried  by  field  crews  inspecting  or 
relocating  moorings  so  that  localized  areas  of  damaged  coatings  can  be  repaired 
in  place. 

3.  A  greater  use  should  be  mode  of  zinc  anodes  in  cathodically  protecting  Fleet 
moorings. 

4.  Treated  wood  should  be  used  on  the  lower  fenders  of  Mark  I  buoys  to  protect 
them  from  marine  borer  attack. 
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Appendix  A 

1 

1 

RATINGS  OF  BUOYS  WITH  TEST  COATINGS 

Cooting  System  1:  Urethane 

No.  of  Months  In  Service: 

56 

Overall  Condition:  Fair 

Amount  of  Use:  Light 

Type  of  Mooring;  Bow  and  Stem 

Condition  Rated 

Atmospheric 

Splash 

Submerged 

Color 

9 

9 

Chalking 

4 

4 

Blistering 

o 

Z 

o 

Z 

N,  10 

Checking 

10 

10 

10 

Cracking 

10 

10 

10 

Flaking  (scaling) 

10 

10 

10 

Erosion 

10 

10 

10 

Rusting,  Type  |1/ 

8 

8 

9 

Rusting,  Type  ||£/ 

10 

10 

10 

Fouling,  amount 

— 

H 

H 

Guano,  amount 

L 

Structural  damage 

N 

broken 

dent  in 

fender 

steel  plate 

X/  Without  blistering. 
^  With  blistering. 

Not.:  For  chalking  bli.t.ring,  eh.cking,  crocking,  floking,  .ro.ion,  ond  rolling 

0  roting  of  10  d.tcrib*.  o  p.rf.ct  condition,  and  o  rating  of  0  d.tcribo*  o 
eompl.t.ly  d.t.riorot.d  condition.  A  lopcoot  color  roting  of  10  indicot.i 
pur.  whi^l.  with  no  y.llowing  or  di .coloration  oth.r  thon  ru.t  ttr.ok.  from 
uneoot.d  bolt.,  ond  0  indieot..  o  color  unocc.ptobl.  to  th.  U.  S.  Coo.t 
Guard.  In  th.  I.tt.r  rating.,  H  =  h.avy,  L  =  light,  M  =  m.dium  and  N  = 
nono. 
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Coating  System  2:  Epoxy 


No.  of  Months  in  Service:  54  Overall  Condition:  Good 

Amount  of  Use:  Heavy  Type  of  Mooring:  Bow  and  Stem 


Condition  Rated 

Atmospheric 

Splosh 

Submerged 

Color 

9 

9 

— 

Chalking 

6 

6 

— 

Blistering 

N,  10 

N,  10 

o 

Z 

Checking 

10 

10 

— 

Cracking 

10 

10 

10 

Flaking  (scaling) 

10 

10 

10 

Erosion 

10 

10 

10 

Rusting,  Type  1 

9 

9 

9 

Rusting,  Type  II 

10 

10 

10 

Fouling,  amount 

— 

M 

M 

Guano,  amount 

L 

— 

— 

Structural  damage 

N 

damaged 

fender 

dent  in 
steel  plate 

Note  For  chalking,  blittaring,  chocking,  cracking,  flaking,  oration,  and  rutting 
a  rating  of  10  dotcribot  a  porfoet  candition,  and  a  rating  of  0  dotcribot  o 
complotoly  dotoriorotod  condition.  A  topcoat  color  rating  al  10  indicatot 
puro  whito  with  na  yollawing  or  diteoloration  ethor  than  ruti  ttroakt  from 
uncoatod  boitt,  and  0  indicatot  o  color  unoccoptoblo  to  tho  U.  S.  Coatt 
Guord.  In  tho  lottor  rotingt,  H  =  hoovy,  L  =  light,  M  =  modium  ond  N  = 
nono. 
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Coating  System  3:  Epoxy-Polyester 


No.  of  Monthes  in  Service:  54  Overall  Condition:  Fair 


Amount  of  Use:  Heavy 

Type  of  Mooring:  Bow  and  Stern 

Condition  Rated 

Atmospheric 

Splash 

Submerged 

Color 

9 

9 

— 

Chalking 

6 

6 

— 

Blistering 

N,  10 

N,  10 

N,  10 

Checking 

10 

10 

10 

Cracking 

10 

10 

10 

Flaking  (scaling) 

10 

5ly 

5}J 

Erosion 

10 

10 

10 

Rusting,  Type  I 

9 

9 

9 

Rusting,  Type  If 

10 

10 

10 

Fouling,  amount 

— 

H 

H 

Guano,  amount 

H 

— 

— 

Structural  damoge  fender  splintered 

Jy  Topcoat  lost,  primer  exposed. 

damaged 

fender 

fender  splintered 

Not*:  For  chalking,  kliticring,  checking,  cracking,  flaking,  aroaion,  and  rutting 
a  rating  af  10  datcribat  a  parfact  conditiort,  and  a  rating  el  0  datcribat  a 
caniplatel)r  datorieratad  candition.  A  tapeoat  cater  rating  of  10  indicatet 
pure  white  with  no  yellewing  or  ditceleratien  other  than  rwtt  ttreoki  from 
uncoatod  bolts,  end  0  indicates  e  color  unacceptoble  to  tha  U.  S.  Coast 
Guard.  In  the  lottor  ratings,  H  =  heavy,  L  =  light,  M  =  modium  end  N  = 
none. 
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Coating  System  4:  Epoxy— Coal  Tar  Epoxy 


No.  of  Months  in  Service:  56  Overall  Condition:  Good*fair 

Amount  of  Use:  Medium  Type  of  Mooring:  Bow  and  Stem 


Condition  Rated 

Atmospheric 

Splash 

Submerged 

Color 

9 

9 

— 

Chalking 

8 

8 

— 

Blistering 

N,  10 

N,  10 

N,  10 

Checking 

10 

10 

10 

Cracking 

10 

10 

10 

Flaking  (scaling) 

10 

10 

61/ 

Erosion 

10 

10 

10 

Rusting,  Type  I 

9 

9 

9 

Rusting,  Type  II 

10 

10 

10 

Fouling,  amount 

— 

M-H 

M-H 

Guano,  amount 

L 

- 

— 

Structural  damage 

N 

N 

dent  in 
steel  plate 

1  Delamination  of  topcoat  and  seal  coat,  exposing  coal  tar  epoxy  coating. 


Nq(*:  For  cholking,  bliitoring,  chocking,  crocking,  linking,  orooion,  ond  rviting 
o  roting  of  10  dotcribo*  o  porloci  condition,  ond  o  roling  of  0  dotcriboi  o 
conpltloly  dotoriorotod  condition.  A  topcoot  color  roting  of  10  indieotot 
puro  whito  with  no  yellowing  or  diocolorotion  othor  thon  rv*t  ttrooki  Irom 
uncootod  bolt*,  ond  0  indicate*  o  color  unoccoptoblo  to  tho  U.  S.  Coa*t 
Cuord.  In  tho  letter  roting*,  H  =  hoovy,  L  =  lift**.  M  -  "•odium  and  N  = 
none. 
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Coating  System  5:  Coal  Tar  Epoxy-Phenolic 
No.  of  Months  in  Service:  54  Overall  Condition:  Fair 

Amount  of  Use:  Heavy  Type  of  Mooring:  Bow  and  Stem 


Condition  Rated 

Atmospheric 

Splash 

Submerged 

Color 

9 

9 

— 

Chalking 

8 

8 

— 

Blistering 

Z 

o 

N,  10 

N,  10 

Checking 

10 

10 

10 

Crackirsg 

10 

1C 

10 

Flaking  (scaling) 

10 

10 

10 

Erosion 

10 

10 

10 

Rusting,  Type  1 

7ly 

9 

9i/ 

Rusting,  Type  II 

10 

10 

10 

Fouling,  amount 

— 

H 

H 

Guano,  amount 

L 

— 

— 

Structural  damage 

N 

damaged 

tersder 

dent  in 
steel  plate 

J/  Mostly  from  abrasion  of  coating  by  securing  assembly. 
2/  Rivet  heads  were  badly  corroded. 


Not«.  For  cholliinf,  blittoring.  chockirif,  crockmf.  floliiog.  oroBioA,  0n4  fwtimf 
o  rotiof  of  fO  4o»cribo«  o  porfoct  cemfition,  or*^  o  rofinf  of  0  doicrt^o*  o 
complofoly  4otorioroto4  coo^itton.  A  toocoot  color  roftof  of  IQ  in^icoiok 
|luro  whito  wtvfi  no  yollowirif  or  4«tColorotion  otKor  fHon  rwot  ttrookt  from 
wnco9*oA  %olt».  Ofl4  0  tnrficoiot  o  color  oivoccooioAlo  ro  *Ho  U  ^ 

Ov«*w.  •“  l•##•r  rotif««B  W  r  L*-'. ^  r  M  -  mo^iom  on4  H  - 

rtOAO. 
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Coating  System  6:  Phenolic  Mastic 


No.  of  Months  in  Service:  54 


Amount  of  Use:  Light 

Condition  Rated 

Color 

Cholking 

Blistering 

Checking 

Cracking 

Flaking  (scaling) 

Frosion 

Rusting,  Type  I 
Rusting,  Type.  II 
Foulirrg,  amount 
Guano,  amount 
Structural  domage 


Atmospheric 

9 

8 

N,  10 
10 
10 
10 
10 
ei/ 

10 


L 

dent  in  side; 
broken  ferider 


J/  Mostly  from  abrasion  of  cooting. 


Overall  Condition:  C>ood>Fair 
Type  of  Moxsring:  Bow  arul  Stem 


Splosh  Submerged 


9 

8 

— 

o 

Z 

N,  10 

10 

10 

10 

10 

10 

10 

10 

10 

91/ 

91/ 

10 

10 

H 

H 

damaged 

dsnt  In 

fender 

steel  plat( 

N«t«:  F»r  chaiSiitf,  bl.tivfinf,  chvckinf,  cr«ch>i>f,  mt4  rvitmf 

•  rci.nf  •!  10  4«tcriS«*  •  ^Icci  **4  •  r*iinf  •!  0  4«>ciiS«i  • 

A  *1  )0 

■rhiM  «irt)  ft*  ycllowifif  »>  lK«n  rv*i  hvni 

anj  0  »n««*praSI*  >•  lA*  U.  S.  C*«» 

Cw«t4.  In  lA*  latfar  raimft,  H  -  hnavf.  L  •  M  -  nn^iwnt  9x4  N  = 

n*n«. 
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Coating  System  6C:  Phenolic  Mastic 

No.  of  Months  in  Service:  54  Overall  Condition:  Good 

Amount  of  Use:  Heavy  Type  of  Mooring:  Bow  and  Stem 


Condition  Rated 

Atmospheric 

Splash 

Submerged 

Color 

9 

9 

— 

Chalking 

8 

8 

— 

Blistering 

N,  10 

N,  10 

N,  10 

Checking 

10 

10 

10 

Cracking 

10 

10 

10 

Flaking  (scaling) 

10 

10 

10 

Erosion 

10 

10 

10 

Rusting,  Type  1 

9jy 

91/ 

9Jy 

Rusting,  Type  M 

10 

10 

10 

Fouling,  amount 

— 

L 

M 

GuorK),  amount 

L 

— 

— 

Structural  damage 

fender  splintered 

N 

N 

\j  Mostly  from  abrasion  of  cooting. 


nfttsftf 

•  •!  10  t  •!  0  4«lCrtW*ft  • 

A  •!  10 

«i»K  ^  lAn  rvtt 

^tt».  •f»4  0  0  S.  C*«tt 

in  fA«  H  :  i.  •  M  N 
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Coating  System  7C;  Phenolic 


No.  of  Months  in  Service: 

49 

Overall  Condition:  Good-Fair 

Amount  of  Use:  Heavy 

Type  of  Mooring:  Free-Swinging 

Condition  Rated 

Atmospheric 

Splash 

Submerged 

Color 

9 

9 

— 

Chalking 

6 

6 

- 

Blistering 

o 

Z 

N,  10 

F,8 

Checking 

10 

10 

10 

Cracking 

10 

10 

10 

Flaking  (scaling) 

10 

10 

81/ 

Erosion 

10 

10 

sl/ 

Rusting,  Type  1 

9?/ 

iU 

10 

Rusting,  Type  11 

10 

10 

10 

Fouling,  amount 

— 

L 

L 

Guono,  amount 

L 

— 

- 

Stnjctural  damage  N 

]y  Mostly  ontifoulirtg  paint. 

2/  Mostly  from  abrasion  of  coating. 

N 

slight  dent  in 
steel  plate 

F««  ce««kiMf.  tS«kii«^.  •fi4  rvttmf 

•  r«finf  IQ  4««c«ik««  •  ot  0  4«tct»k«t  • 

c»aMil#t«ly  c»n4ili«n  A  cftl«r  ol  IQ  *n4iC«t*ft 

»K**«  witA  rtm  v«n«winf  9^  4it<«l«r«ti«e»  fvftf  fH*«k»  tt««i 

v«ic»tti*4  k«ti«.  91^4  0  in4«c«i«%  •  c«t»»  vM«c<«9t«AI»  *9  fK*  U.  S. 

Cv*<4.  In  *K«  Ulf^e  r«liAf ».  H  k««vy,  t  -  9^4  N 

n»n«. 
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Cooting  System  8:  Phenol ic -A Ikyd 


No.  of  Months  in  Service:  49  Overall  Condition:  Good-Fair 

Amount  of  Use:  Heavy  Type  of  Mooring:  Free-Swinging 


Condition  Rated 

Atmospheric 

Splash 

Submerged 

Co  lot 

9 

9 

— 

Chalking 

8 

8 

— 

Blistering 

N,  10 

N,  10 

M,  6 

Checking 

10 

10 

10 

Cracking 

10 

10 

10 

Flaking  (scaling) 

10 

10 

8i/ 

Erosion 

10 

10 

8ly 

Rusting,  Type  1 

91/ 

9.2/ 

9 

Rusting,  Type  II 

10 

10 

9 

Fouling,  amount 

— 

L 

L-M 

Guano,  amount 

L 

— 

— 

Structural  damage 

N 

N 

N 

2y  Mostly  ontifouling  paint. 

2/  Mostly  from  abrasion  at  coating. 


Note:  For  chalking,  blistering,  checking,  crocking,  flaking,  erosion,  and  rusting 
0  rating  of  10  describes  a  perfect  condition,  end  o  roting  of  0  describes  a 
completely  deteriorated  conr  tion.  A  topcoot  color  roting  of  10  indicates 
pure  white  with  no  yellowing  or  discolorotion  other  thon  rust  streoks  from 
uncooted  bolts,  and  0  indicates  a  color  unocceptoble  to  the  U*  S.  Coast 
Guard,  In  the  letter  ratings,  H  =  heovy,  L  =  light,  M  =  medium  and  N  = 
none. 
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Coating  System  9:  Vinyl 


No.  of  Months  in  Service; 

50 

Overall  Condition:  Good-Fair 

Amount  of  Use:  Heavy 

Type  of  Mooring: 

Free-Swinging 

Condition  Rated 

Atmospheric 

Splash 

Submerged 

Color 

9 

10 

— 

Chalking 

8 

8 

— 

Blistering 

o 

Z 

o 

Z 

o 

Z 

Checking 

o 

Z 

10 

10 

Cracking 

N,  10 

10 

:o 

Flaking  (scaling) 

N,  10 

9Jy 

10 

Erosion 

N,  10 

10 

92/ 

Rusting,  Type  1 

9 

9 

9 

Rusting,  Type  II 

10 

10 

10 

Fouling,  amount 

— 

M 

M 

Guano,  amount 

L 

— 

— 

Structural  damage 

N 

dent  in 

dent  in 

\J  A  smoll  area  near 
Ij  Antifouling  paint 

one  flange, 
only. 

steel  plate 

steel  plate 

Not«:  For  cholking,  blistering,  checking,  cracking,  flaking,  erosion,  ond  rusting 
o  rating  of  10  describes  a  perfect  ccrdition,  and  o  rating  of  0  describes  o 
completely  deteriorated  condition.  A  topcoat  color  rating  of  10  indicotes 
pure  white  with  no  yellowing  ot  discoloration  other  thon  rust  streoks  from 
uncoated  bolts,  and  0  indicates  a  color  unacceptable  to  the  U.  S.  Coast 
Guard.  In  the  letter  ratings,  H  =  heavy,  L  =  li^ht,  M  =  medium  and  N  = 
none. 
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Coating  System  12:  Inorganic  Zinc  Silicate-Vinyl  Mastic 


No.  of  Months  in  Service: 

56 

Overall  Condition:  Poor 

Amount  of  Use:  Heavy 

Type  of  Mooring: 

Bow  and  Stern 

Condition  Rated 

Atmospheric 

Splash 

Submerged 

Color 

9 

9 

— 

Chalking 

8 

8 

— 

Blistering 

N,  10 

N,  10 

N,  10 

Checking 

10 

10 

10 

Cracking 

10 

10 

10 

Flaking  (scaling) 

10 

10 

5l^ 

Erosion 

10 

10 

10 

Rusting,  Type  1 

9^ 

9lj 

7 

Rusting,  Type  11 

10 

10 

10 

Fouling,  amount 

— 

L 

L 

Guano,  amount 

L 

— 

— 

Structural  damage 

N 

N 

dent  in 
steel  plate 

\j  Topcoat  only. 

J/  Mostly  from  abrasion  of  coating. 

Note:  For  chalking,  blistering,  checking,  cracking,  flaking,  erosion,  ond  rusting 
0  rating  of  10  describes  a  perfect  condition,  ond  o  rotmg  of  0  describes  o 
completely  deteriorated  condition.  A  topcoat  color  rating  of  10  indicates 
pure  white  with  no  yellowing  or  discolorotion  other  thon  rust  streaks  from 
uncoated  bolts,  and  0  indicates  o  color  unocceptoble  to  the  U>  S.  Coost 
Guard.  In  the  letter  ratings,  H  heavy,  L  =  light,  M  =  medium  and  N  = 
none. 


32 


No.  of  Months  in  Service: 

Coating  System 

54 

Amount  of  Use:  Light 

Condition  Rated 

Atmospheric 

Color 

9 

Chalking 

8 

Blistering 

N,  10 

Checking 

10 

Cracking 

10 

Flaking  (scaling) 

10 

Erosion 

10 

Rusting,  Type  1 

sly 

Rusting,  Type  11 

10 

Fouling,  amount 

— 

Guano,  amount 

Structural  damage 

N 

13:  Satan 

Overall  Condition:  Good-Fair 


Type  of  Mooring: 

Bow  and  Stem 

Splash 

Submerged 

9 

— 

8 

— 

N,  10 

N,  10 

10 

10 

10 

10 

10 

10 

10 

10 

92/ 

9i/ 

10 

9 

3/ 

3/ 

— 

— 

fender  splintered; 
dent  In 
steel  plate 

N 

Jy  Mostly  from  abrasion  of  coating. 

2j  Mostly  pinpoint  pjsting. 

^  No  fouling  or  guano  present  because  buoy  had  been  taken  ashore  for 
structural  repairs. 


Note:  For  chalking,  blistering,  checking,  cracking,  tioking,  erosion,  and  rusting 
a  rating  of  10  describes  a  perfect  condition,  and  o  rating  of  0  describes  a 
completely  deteriorated  condition.  A  topcoat  color  rating  of  10  indicates 
pure  white  with  no  yellowing  or  discoloration  other  than  rust  streoks  from 
uncoated  bolts,  and  0  indicates  a  color  unacceptoble  to  the  U.  S.  Coast 
Guard.  In  the  letter  ratings,  H  =  heavy,  L  =  light,  M  =  medium  end  N  = 
none. 
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Coating  System  13C;  Saran 


No.  of  Months  in  Service:  54  Overall  Condition:  Good 


Amofint  of  Use;  Heavy 

Type  of  Mooring; 

;  Free-Swinging 

Condition  Rated 

Atmospheric 

Splash 

Submerged 

Color 

9 

9 

— 

Chalking 

8 

8 

— 

Blistering 

N,  10 

N,  10 

N,  10 

Checking 

10 

10 

10 

Cracking 

10 

10 

10 

Flaking  (scaling) 

10 

10 

10 

Erosion 

10 

10 

10 

Rusting,  Type  1 

9 

9i/ 

10 

Rusting,  Type  II 

10 

10 

10 

Fouling,  amount 

— 

L-M 

L-M 

Guano,  amount 

L 

— 

— 

Structural  damage 

dent  in 
steel  plate 

dent  in 
steel  plate 

N 

J/  Mostly  pinpoint  rusting. 


Note:  For  cholkirtg,  blistering,  checking,  cracking,  flaking,  erosion,  and  rusting 
0  rating  of  10  describes  o  perfect  condition,  and  a  rating  of  0  describes  o 
completely  deterioroted  condition.  A  topcoat  calor  rating  of  10  indicotes 
pure  white  with  no  yellowing  or  di scolorotion  other  than  rust  streaks  from 
uncoated  bolts,  and  0  indicates  a  color  unacceptable  to  the  U.  S.  Coast 
Guard.  In  the  letter  ratings,  H  =  heavy,  L  =  light,  M  =  medium  and  N  = 
none. 
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Appendix  B  -  RATING  OF  TEST 


Cootirig  System  No. 

1 

2 

\ 

Exposure  Site 

PH 

SD 

PH 

SD 

PH 

Panel  Zone 

T?/ 

s5/ 

A 

T 

S 

A 

T 

S 

A 

- 

T 

S 

A 

T 

S 

General  Protection 

8 

7 

9 

9 

9 

9 

10 

10 

10 

10 

10 

10 

9 

10 

10 

Chalking 

2 

— 

— 

-12/ 

— 

— 

8 

— 

— 

— 

— 

— 

8 

— 

— 

Checking 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

8 

10 

10 

Blistering,  size 

2 

6 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Blistering,  frequency 

F 

F 

N^ 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

Flaking 

10 

tZ/ 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

214/ 

214/ 

Cracking 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Undercutting 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Rusting,  type  1 

9 

8 

910/ 

9I3/ 

95/ 

9!^ 

10 

10 

10 

10 

10 

10 

9]^ 

93/ 

10 

Rusting,  type  II 

9 

7 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Pitting 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Fouling,  amount 

— 

lI/ 

L 

— 

L 

— 

hIV 

M 

— 

M 

M 

— 

M 

L 

Fouling,  areal/ 

— 

6 

6 

— 

4 

1 

— 

0 

2 

- 

7 

1 

2 

1 

1 .  Plant  Area 

— 

9 

9 

- 

9 

9 

— 

9 

9 

- 

9 

9 

— 

9 

9 

2.  Animal  Area 

— 

7 

7 

— 

4 

2 

— 

1 

2 

8 

1 

— 

2 

2 

a.  Tunicates 

— 

10 

10 

— ■ 

10 

7 

— 

10 

10 

— 

10 

5 

— 

10 

10 

b.  Barnacles 

— 

7 

9 

— 

4 

9 

— 

1 

9 

— 

8 

9 

— 

3 

8 

c.  Mussels 

— 

10 

9 

— 

9 

9 

— 

4 

7 

— 

9 

9 

— 

8 

9 

d,  Bryozoa 

— 

10 

9 

— 

10 

10 

— 

10 

9 

— 

10 

10 

— 

10 

9 

e.  Hydroids 

— 

10 

9 

— 

10 

10 

— 

10 

8 

— 

10 

10 

— 

10 

9 

f.  Tube  Worms 

— 

10 

9 

— 

10 

5 

— 

10 

? 

— 

10 

5 

— 

10 

9 

g.  Sponges 

— 

10 

10 

— 

10 

9 

— 

10 

10 

— 

10 

9 

— 

10 

10 

Overall  Roting 

8 

9 

10 

10 

mBm 

]y  A  ~  atmospheric  zone  Jj  DelamirKition  of  topcoat  on 

T  =  tidal  zone  one  side  of  panel 

S  =  submerged  zone  8/  L  =  light 

^0  =  100%  fouled;  10  =  0%  fouled  _9/  N  =  none 

^  Slight  barnacle  damage  10/  Mostly  ot  edge 

“  medium  JJ/  H  =  heovy 
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Appendix  B  -  RATING  OF  TEST  PANELS  AT  PORT  HUENEME  AND  SAN  DIEGO 


10 

10 

10 

10 

10 

10 

10 

10 

10 

N 

N 

N 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

i 

10 

10 

— 

M 

M 

— 

7 

1 

— 

9 

9 

— 

8 

1 

— 

10 

5 

— 

8 

9 

— 

9 

9 

— 

10 

10 

— 

10 

10 

— 

10 

5 

— 

10 

9 

10 

9  9  9 

10  10  10 

10  10  10 

N  N  N 

10  ll^ 

10  10  10 

10  10  10 

y1 0/  ylO/  ylO 

10  10  10 


10  10 

-  M 


M  - 


10 

8 

10 

10 

10 

9 

10 

9 

10 

10 

10 

10 

10 

1 

10 

10 

10 

10 

10 

10 

N 

N 

N 

N 

N 

N 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

9IL' 

10 

9IP/ 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

— 

H 

M 

— 

M 

M 

— 

1 

2 

— 

5 

1 

— 

9 

9 

— 

9 

9 

— 

2 

3 

— 

6 

2 

10 

10 

— 

10 

5 

— 

3 

9 

— 

6 

8 

— 

6 

7 

— 

10 

9 

— 

10 

10 

— 

10 

10 

— 

10 

8 

— 

10 

10 

— 

10 

9 

— 
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